increasing concern over the use of Cd-containing phos-
in the same single granule and thus are in close contact, same P to K ratio. An acid Ultisol (pH 5.2) was treated with PK thereby increasing the possibility to form CdCl 
fertilizers may result in a higher Cd uptake by crops in
In all the plant tissue samples, except grain samples of upland rice, an acid soil as compared with the same PK fertilizers Cd concentrations obtained with granulated (SSP ϩ KCl) were signifiproduced by bulk-blending.
cantly higher than that with bulk-blended (SSP) ϩ (KCl).
Materials and Methods

C admium (Cd) is one of the heavy metals that may
A single superphosphate (SSP) was produced from Togo be potentially toxic to human health. There is an phosphate rock by acidulating with H 2 SO 4 . The Togo phosphate rock contains a relatively high Cd content (54 mg kg Ϫ1 ).
increasing concern over the use of Cd-containing phos-
The SSP produced had 92 g kg Ϫ1 total P, 87 g kg Ϫ1 waterphate (P) fertilizer for crop production because Cd upsoluble P, 5 g kg Ϫ1 citrate-soluble P, 31.5 mg kg Ϫ1 total Cd, take by plants can be one possible avenue of Cd entry and 19.7 mg kg Ϫ1 DTPA-soluble Cd (Iretskaya et al., 1998) .
into the human food chain through the consumption of A chemical reagent-grade of monocalcium phosphate (MCP), plants directly or indirectly by man (Mortvedt, 1996) .
which is the P compound of SSP, was used as a standard P mixed with 4 kg of soil at 400 mg P kg Ϫ1 and 400 mg K kg
Ϫ1
.
Published in J. Environ. Qual. 32:1911 -1914 (2003 of field capacity by watering daily. The average daylength time was 10 to 12 h and temperature was 32 to 36ЊC during • Mortvedt (1982) found that crop response to P the plant growth. Both upland rice and soybean were grown sources containing various Cd concentrations was to maturity. For signalgrass, four cuts were made with the PK similar for the forage harvest and the mature hartreatments, whereas only one cut was made with the check.
vest. He suggested that early crop response to P For upland rice, grain and straw were collected at harvestfertilizers can be used to predict results in the maing. For soybean, grain, leaf, stem, and pod were separately ture crop. Therefore, he concluded that greenhouse collected. After harvesting of aboveground soybean plant evaluation based on results harvesting immature parts, the soil in pots was carefully washed with water on a forage crops may be valid in predicting crop rescreen to obtain soil-free soybean root samples. The plant sponse throughout the entire season. On similar samples of upland rice, soybean, and signalgrass were dried assumption, we could also predict Cd uptake by in a forced-air cabinet at 65ЊC for 10 d followed by grinding. For soybean, the ground samples of leaf, stem, and pod were crops for long-term annual applications of PK fertil- grain yield of upland rice. Since KCl, SSP, and MCP were all water soluble and the granule size of granulated
Results and Discussion
and bulk-blended PK fertilizers was the same, their P and K availabilities would be expected to be the same. It is well known that, unlike Cd from industrial wastes Rice grain yield increased from 1.2 g pot Ϫ1 with the and biosolids that generally contain very high Cd concheck (no P and K) to the average value of 23.6 g pot Ϫ1 tent and are applied at very high rates (Mg ha Ϫ1 ), Cd with PK fertilizers, indicating a strong PK effect on rice accumulation in soil and Cd uptake from annually apgrain yield. plied P fertilizers at normal rates (kg ha Ϫ1 ) could be an It should be pointed out that potential Cd toxicity to environmental issue only after long-term applications human health from Cd-contaminated food crops is of P fertilizers (Mortvedt, 1987; Mulla et al., 1980; Roth- based on Cd concentrations in edible parts of crops baum et al., 1986; Loganthan et al., 1995). Short-term rather than total Cd uptake by crops. For example, P application should not result in a serious Cd accumulathe maximum permissible Cd concentrations in cereal tion in soils and its subsequent Cd uptake by crops, grains generally adopted by European countries are 0.10 unless P fertilizers contain unusually high Cd content.
to 0.15 mg Cd kg Ϫ1 (deBoo, 1990) . A low Cd concentraSince it is difficult to conduct a long-term greenhouse tion associated with application of Cd-containing P ferexperiment on Cd from annual P applications at normal rates, we tried to shorten the time frame by one-time application of a high PK rate at 400 mg kg Ϫ1 based on proportional to that from long-term annual applica- † MCP, monocalcium phosphate; SSP, single superphosphate.
tions of PK fertilizer at normal rates. ‡ Grain yield of check (no P and K ϭ 1.2 g pot Ϫ1 ).
• There would be no P and Cd interaction in soils § Values followed by the same letter within column are not significantly different (P Ͻ 0.05).
from the granulated PK fertilizers applied by long- tion (Mortvedt, 1987, Chien and Menon, 1994b) . Therefore, to compare plant Cd concentrations associated † MCP, monocalcium phosphate; SSP, single superphosphate. ‡ Dry-matter yield of check (no P and K) ϭ 4.1 g pot Ϫ1 .
with different treatments, we should also consider their § Values followed by the same letter within the columns are not signifiplant yields. In the present study, all of the P treatments cantly different (P Ͻ 0.05).
produced about the same crop yield, and thus a direct comparison of Cd concentration in plants can be made. soybean straw and root were much higher than Cd conIn other words, Cd uptake and Cd concentration are centrations of soybean grain (Table 2) . equally related to Cd availability from the P sources in
The results obtained in this preliminary study suggest the soil.
that if a P fertilizer contains a high Cd content, granulaConcentrations of Cd in rice grain and straw were tion of this P fertilizer with KCl may result in a higher much higher with granulated (SSP ϩ KCl) or bulkCd uptake by crops compared with the same but bulkblended (SSP) ϩ (KCl) than Cd concentrations with blended PK fertilizer. Because of the simplicity of the bulk-blended (MCP) ϩ (KCl) ( Table 1 ). There was no bulk-blending process and its relatively low investment significant difference in Cd concentration in rice grain and operating cost, bulk blending has become popular between granulated and bulk-blended (SSP) ϩ (KCl).
worldwide (Shultz, 1988) . The present study suggests However, Cd concentration in rice straw was signifithat bulk blending of PK fertilizers may have another cantly higher with granulated (SSP ϩ KCl) than that beneficial effect, that is, less Cd uptake by crops from with bulk-blended (SSP) ϩ (KCl). The results thus Cd-containing P fertilizers as compared with the process tended to support the hypothesis that Cl Ϫ probably comof PK granulation. However, more agronomic research plexed with Cd 2ϩ to form soluble complexes in soil soluwork with different crops is needed to confirm this possition from granulated (SSP ϩ KCl), thereby increasing bility, especially under field conditions. Also, different Cd concentration in rice straw as compared with bulk-P to K ratios and N fertilizers such as urea were not blended (SSP) ϩ (KCl). The lack of Cl effect on Cd granulated with PK fertilizers in the present study. concentration in rice grain between granulated (SSP ϩ Therefore, there is a need to study the effect of P to K KCl) and bulk-blended (SSP) ϩ (KCl) was probably ratio and N source in granulated and bulk-blended NPK due to a low Cd uptake by rice grain as compared with fertilizers on Cd availability to crops from Cd-containing that by rice straw. Data in Table 1 show that Cd concen-P fertilizers. trations in rice straw were about 10 times that in rice grain. Iretskaya et al. (1998) also observed that Cd conReferences centration in upland rice straw was much higher than that in rice grain. Bidwell, A.M., and R.H. Dowdy. 1987. Cadmium and zinc availability The results of the soybean and signalgrass experito corn following termination of sewage sludge applications. J. Environ. ments are shown in Tables 2 and 3 
